Background
Pigmented skin lesions in childhood and adolescence can be diagnostically challenging. It is important for general practitioners to be aware of the spectrum of benign, atypical and malignant pigmented lesions occurring in these patient groups and of features that should raise concern.
Objective
The aims of this article are to assist recognition of high-risk skin lesions encountered in childhood and adolescence and to provide an understanding of the features and management of suspected melanoma in this population.
Discussion
In children and adolescents, there exist a variety of congenital and acquired naevi and other pigmented skin lesions that can be diagnostically problematic. Additionally, conventional detection criteria for melanoma seen in adults are often not present in children and adolescents, making diagnosis more difficult. Melanoma, if diagnosed in these populations, should be treated at a specialist centre whenever possible.
PIGMENTED SKIN LESIONS in children and adolescents can present many diagnostic challenges. We describe the clinical features of benign, atypical and malignant pigmented skin lesions in childhood and adolescence to assist the general practitioner (GP) in their diagnosis and management.
Pigmented skin lesions in childhood and adolescence
The definition of 'childhood' varies in the literature, with some defining childhood as up to 18 years or even 21 years. However, a more widely accepted and useful definition classifies childhood as 'pre-pubertal', ages 0-14 years, and adolescence as ages 15-19 years. 1, 2 Pigmented lesions in childhood and adolescence can be either congenital (ie present at birth) or acquired. The latter most often develop in fair-skinned individuals, usually as a result of sun exposure.
Congenital melanocytic naevi
Congenital melanocytic naevi (CMN) are present at birth in approximately 1 in 100 newborns. The risk of malignant transformation for small CMN ( Figure 1A ) is very low (<1%) and most often occurs after puberty. 3 The necessity to remove small CMN is debatable, but if removal is desired it is generally considered reasonable to wait until adolescence. Giant congenital naevi (GCN), defined as involving >2% of the total body surface area (with projected adult size >20 cm in diameter), occur much less frequently (1 in 20,000 newborns). 4 GCN are most commonly located on the trunk, have a verrucous surface with irregular pigmentation and are often associated with satellite melanocytic lesions ( Figure 1B) . GCN may extend into the dermis, subcutaneous tissues and muscle, making surveillance for malignant transformation extremely difficult. The lifetime risk for children born with GCN is difficult to quantify, but a large systematic review reported the development of melanoma in 2% of children with GCN, most often occurring in GCN >40 cm (74%) and in those with satellite lesions (94%). 5 The highest risk for transformation is during childhood. 5 Importantly, these melanomas are not limited to the skin, and may develop viscerally or manifest as primary tumours within the central nervous system in association with neurocutaneous melanosis. 6 The surgical management of GCN is controversial, as prophylactic surgical excision does not eliminate melanoma risk because of deep cutaneous extension of naevus cells, sometimes even extending through the muscular fascia. Lifelong surveillance of patients with GCN is essential.
to be clonal in origin, that usually appear in childhood in sun-exposed areas and can increase in size during puberty. Very occasionally, small melanocytic naevi appear in the neonatal period and in the first year or two of life. Although they may have characteristics similar to those of CMN, and are referred to as 'congenital naevus-like naevi', they are not, in fact, congenital.
Though the majority of melanomas across all ages arise de novo, without an associated naevus, 7 both the size and number of acquired melanocytic naevi are linked to melanoma risk.
Dysplastic naevi
Dysplastic naevi are acquired atypical pigmented lesions that may display some of the more conventional features of melanomas, namely asymmetry, colour variegation and size >6 mm, but do not meet the diagnostic threshold for a clinical diagnosis of melanoma ( Figure 2A) . Histologically, dysplastic naevi show architectural disorder and cytological atypia that are absent in common acquired and congenital naevi, but they lack features of malignancy that occur in melanomas. While dysplastic naevi are potential melanoma precursors, few will actually evolve into melanomas, but their presence defines a population at higher risk for developing melanoma. 8 As melanoma is more likely to arise de novo than from a pre-existing naevus, prophylactic surgical excision of dysplastic naevi is not recommended, even in this higher-risk population. However, close monitoring is warranted, and surgical excision of changing lesions with a narrow margin is indicated for diagnostic purposes. 
Blue naevi
Blue naevi are an uncommon variant of dermal naevi that can be worrying to the untrained eye. In children or adolescents, blue naevi are typically well-circumscribed, dome-shaped lesions, usually <10 mm in diameter, on the scalp, the buttocks and the dorsum of extremities ( Figure 2B ). Their blue appearance is due to the presence of pigment in the dermis and resulting preferential scattering and reflection of blue versus red light by the skin (the Tyndall effect); this can be confused with the blue-white veil seen on dermoscopic evaluation of some melanomas. 10 Histologically, blue naevi are composed of pigmented dendritic dermal melanocytes. Rare transformation into melanomas has been reported, most commonly on the scalp. 11 If clinical suspicion warrants a biopsy, a narrowmargin excision biopsy is recommended to allow for complete histological evaluation.
Naevus spilus
Naevus spilus may be congenital or acquired. It appears as a collection of darkly pigmented macules and papules on a background of hyperpigmentation that can span up to 20 cm ( Figure 2C ). It may be distributed in a dermatomal pattern. Malignant transformation is rare.
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Halo naevi
Mainly occurring in adolescents, a halo naevus is an acquired (usually compound) naevus that develops a surrounding symmetrical 'halo' of depigmentation ( Figure 2D ). This can be a source of concern for both parents and the practitioner, as halos can occasionally appear around melanomas, but usually in an asymmetrical fashion. However, halo naevi are benign, and over time (usually within 12-18 months) the central naevus can regress and the depigmented skin regains normal pigmentation. Histologically, a dense lymphocytic infiltrate is seen, associated with a common acquired naevus with bland, mature features. Evaluation of a halo naevus should focus on the central pigmented lesion itself, not on the surrounding halo.
Spitz naevi
A Spitz naevus is a benign tumour usually appearing in the first decade of life as a solitary, well-circumscribed, pink or pigmented papule <1 cm in diameter, most often on the head, neck or extremities ( Figure 3A) . Histologically, there is overlap between features of Spitz naevi and melanomas, making accurate diagnosis difficult. Nevertheless, when the constellation of histological features is present in an appropriate clinical context, Spitz naevi can be confidently diagnosed. Lesions that display some histological features of Spitz naevi but also more concerning atypical features are often referred to as 'atypical Spitzoid tumours' and are categorised as 'melanocytic tumours of uncertain malignant potential' (MelTUMPs).
Pigmented epithelioid melanocytomas
Pigmented epithelioid melanocytomas (PEMs) most commonly arise in children, adolescents and young adults. PEMs are dermal lesions that may mimic melanoma clinically and pathologically. Histologically, these lesions have infiltrative borders and are composed of heavily pigmented large epithelioid and spindled melanocytes. These lesions frequently spread to regional nodes, but the clinical course is indolent, and PEM is regarded as a borderline or low-grade malignancy. These tumours should be managed similarly to other MelTUMPs (melanocytomas).
MelTUMPs (melanocytomas)
For some melanocytic tumours that display atypical histological features, it can be difficult or impossible, even for acknowledged experts, to predict biological behaviour from pathological assessment. Such pigmented lesions in children and adolescents are ultimately designated as 'MelTUMPs' or 'melanocytomas'. Because of the lack of diagnostic certainty, the histology of these lesions should be reviewed by an expert dermatopathologist, and the patients managed at a high-volume referral centre. The lesions should be definitively excised with 5 mm surgical margins, and the decision to perform a sentinel lymph node (SNL) biopsy made on a case-by-case basis.
Childhood and adolescent melanoma Epidemiology
Melanoma in childhood is rare, and melanoma in adolescence is uncommon (Figure 4) . The reported incidence rates of true childhood (ages 0-14 years) melanoma and adolescent (ages 15-19 years) melanoma in Australia were most recently estimated to be 2.0 per million/year and 24.3 per million/year, respectively .
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Presentation and diagnosis
Making the diagnosis of childhood and adolescent melanoma (CAM) can be difficult because patients often do not present with the classical features of adult melanomas. When compared with adults, a higher percentage of young patients with melanoma have a family history of melanoma and atypical naevi, suggesting an underlying genetic origin. However, recent genomic data indicate that ultraviolet (UV) radiation damage still has an important aetiological role in CAM.
14 A high index of suspicion is necessary when evaluating young patients, especially adolescents, who have a phenotypic propensity to develop naevi. 15 Clinically, melanomas arising in the paediatric population, especially pre-pubertal children, do not always follow the ABCDE (Asymmetry, Borders, Colours, Diameter, Evolving) detection criteria used for adults. 7 Rather, they often present with amelanotic, papulonodular lesions that lack colour variegation and have arisen de novo ( Figure 3B ). As a result of their non-conventional appearance, the differential diagnosis includes juvenile xanthogranuloma, dermatofibroma, pyogenic granuloma, haemangioma and melanocytoma. Because the conventional ABDCE criteria used in adults are often inadequate in children, alternative ABCDE criteria that could prevent diagnostic delays have been proposed (Table 1) . For suspicious pigmented lesions occurring in children, as in adults, an initial excision biopsy with narrow margins should be performed. This allows histological evaluation of the full lesion. Pathological assessment by an experienced dermatopathologist is recommended, as pigmented lesions, especially with Spitzoid characteristics, can be extremely difficult to characterise as benign or malignant. Additionally, the use of fluorescence in situ hybridisation, comparative genomic hybridisation and gene expression analysis is increasing in an effort to improve characterisation of atypical lesions of uncertain malignant potential.
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Management and prognosis
Once a diagnosis of melanoma has been made, surgical excision remains the mainstay of treatment. Regardless of the clinical scenario in which a CAM arises, recommended surgical excision margins should parallel those of adults, which are based on Breslow thickness. Consideration of SLN biopsy in children and adolescents is also as in adults, based on the prognostic features of the primary tumour (thickness, ulceration and mitotic rate). Improved outcomes are seen when patients with CAM receive initial surgical care at specialised centres, even when controlling for the stage of melanoma at presentation. 16 Similarly, children and adolescents who present with clinically-detected regional nodes in the absence of metastatic disease should be treated with lymphadenectomy. Systemic therapy for adjuvant treatment and/or in the metastatic setting should be discussed by a multidisciplinary team and administered at a tertiary referral centre. While children often present with thicker melanomas, 17 and are more likely to have lymph node metastases, 14 no major differences in outcomes are found between children/adolescents and adults. 1, 14, 17 However, a small retrospective study found that children aged <10 years have significantly better survival rates. 17 Improved outcomes, including five-year overall survival and disease-free survival, are seen when patients with CAM receive initial surgical care at specialised centres, even when controlling for the stage at presentation.
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Conclusion
The assessment and management of pigmented skin lesions in children and adolescents can be challenging. A sound knowledge of the more common pigmented lesions and worrying features is essential for GPs. Early diagnosis and referral of patients with high-risk lesions to an appropriate specialist service is key to improving outcomes.
• Congenital and acquired pigmented lesions in children and adolescents should be identified early and the intensity of surveillance dictated by the risk of malignant transformation. • A history of UV exposure, a family history of melanoma, and the presence of dysplastic naevi should alert GPs to a risk of melanoma, even in children and adolescents.
• If suspicious features or changes in pigmented lesions are noted, narrowmargin excision biopsy should be performed, when possible, to allow for complete histological assessment.
• A knowledge of alternative ABCDE diagnostic criteria for melanoma in children and adolescents will help to avoid diagnostic delays.
• Children and adolescents diagnosed with MelTUMPs or melanoma should be referred to specialised centres for management.
Implications for general practice
The diagnosis and management of pigmented skin lesions in children and adolescents can be challenging. While a variety of pigmented lesions occur in these populations and most are benign, the possibility of melanoma must always be considered because a delay in diagnosis can have adverse consequences. It is therefore important for GPs to have a thorough understanding of the more common pigmented lesions in childhood and adolescence, and to be able to recognise suspicious features that should prompt further action. 
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